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I. COMPARISON BETWEEN ANALYTICAL AND NUMERICAL RESULTS
















where ∆ω is the frequency difference between the two non-hybridized mode, and ∆ω′ = ∆ω/2 +
√
∆ω2/4 +G2 is the
frequency difference between the hybridized lower branch hr− and the non-hybridized soliton mode.
Numerical simulations based on coupled Lugiato-Lefever equations (LLE) are performed to verify the results ob-
tained using the analytical model. Note that the coupling between the soliton mode and dispersive wave mode leads
































































































Fig. S1. Simulations of soliton dynamics and noise transduction factors. a, Simulated intracavity field of a soliton
with a strong single-mode dispersive wave. b, The optical spectrum of the soliton in panel a. 2048 modes participated in the
simulation. The red line denotes sech2 fitting of the spectral envelope. c, Comparison between analytical and simulated results
of frequency shifts. d, Simulated α factor versus analytical results.
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Fig. S2. Phase noise limit using PDH locking technique. Measured phase noise limit using Pound-Drever-Hall locking
technique is plotted along with the predicted dispersive wave noise limit.
dispersion of non-hybrid modes used in the simulation can be approximated as




At mode number µ = 0, the two modes differ by 1.5247 GHz in frequency. All parameters are identical with those
used in the analytical model.
A representative power distribution of the intracavity field obtained from simulation is plotted in Fig. S1a versus
the 2π round-trip angle of the cavity. It features a pulse with an oscillating tail in the azimuthal frame1. The
corresponding spectrum is plotted in Fig. S1b, and shows a sech2 envelope and a strong dispersive-wave spike at
the 35th mode. The simulated frequency shift of the soliton versus laser-cavity detuning is plotted in Fig. S1c, and
exhibits excellent agreement with the analytical model. The thermal noise transduction factor (α) is also evaluated
numerically by perturbing ∆ω and calculating the changing of repetition rate, and is consistent with the analytical
model as shown in Fig. S1d.
II. ADDITIONAL MEASUREMENTS
Phase noise of soliton repetition rate is also measured with Pound–Drever–Hall locking technique. The minimal
phase noise is plotted in Fig. S2, along with the dispersive wave noise limit. Under these conditions, the pump
frequency tracks the cavity resonance thereby suppressing its technical noise contribution to the soliton phase noise.
As expected the measured noise spectrum shows a limitation consistent with the dispersive wave noise limit.
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